Abstract. We report the use of terahertz time-domain spectroscopy for the study of two therapeutic bio-molecules: glucose and uric acid. Terahertz transmission spectra of crystalline samples of both molecules were measured between 0.1-3.0 THz using an evacuated spectroscopy system. We propose that the stereo-isomers of glucose show spectral features originating from intermolecular vibrational modes, as do uric acid and its derivative molecule, allantoin. In addition, we present a full temperature dependence of the terahertz absorption of L-glucose.
Introduction
Terahertz time-domain spectroscopy is an extremely promising technique for biomedical applications since rotational and vibrational transitions of molecules lie across the far-and mid-infrared spectral ranges [1] . Specifically, at low frequencies, transitions originate from intra-and/or inter-molecular collective vibrations. Terahertz time-domain spectroscopy thus enables the direct quantitative detection and conformational analysis of bio-molecules. To date, there have only been a few terahertz investigations on large molecules of biological relevance owing to the dearth of technologies to access this spectral range and a lack of theoretical models to interpret the observed features. However, Walther et al.
[2] measured the far-infrared spectrum of retinal chromophores and could distinguish between different isomeric configurations. Markelz et al.
[3] discussed low frequency collective vibrational modes of DNA, bovine serum albumin, and collagen. Furthermore, far-infrared spectra of benzoic acid and its derivatives [4] , and of nucleobases of DNA [5] have been reported.
In this article we present the absorption spectra of D-and L-glucose, two stereo isomers of glucose, together with the absorption spectra of sucrose, uric acid and allantoin. We also report the temperature dependent absorption of L-glucose. 
Experimental
All samples were purchased from Sigma-Aldrich Co. and used without further purification. For low temperature measurements, each was mixed with polyethylene (PET) powder in a mass ratio of 8:1 (PET: sample) minimising the quantity of material needed. Since PET is nearly transparent in the terahertz range, it is an ideal matrix material. Pellets were generally made with thicknesses between 1.2 and 1.4 mm. However, for room temperature measurements, the observed spectral features were less distinct and so samples were prepared as pure pellets with thicknesses between 0.3 and 0.7 mm. This resulted in clearer absorption features. In both cases, the crystals were crushed well before making the pellets in order that the particles were of sub-micron size, ensuring that the observed spectral features were not a result of Mie scattering [6] . Indeed, some of the particles have sizes of a few tens of nanometers, as confirmed by environmental SEM measurements.
A vacuum-capable terahertz time domain spectroscopy system [7] was used for the room temperature measurements, and typical vacuum levels of 0.3 mbar were obtained. The spectrometer had a useful bandwidth of 0.1-3.0 THz and a spectral resolution better than 30 GHz. The spectroscopic information was obtained by comparing the terahertz electric field recorded with and without a sample in the beam path. For the low temperature measurements, samples were mounted in a cryostat equipped with mylar windows. The terahertz beam path was purged with dry nitrogen to eliminate absorption by water vapour.
